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Introduction
Monetary policy is an extremely important macro-economic regulation of government in a market economy. It is a process by which the authority of a country controls the money supply and tends to target an expected inflation rate or interest rate to ensure price stability, general trust in the currency and lowering the unemployment rate. Moreover, it also maintains predictable exchange rates with other currencies. Monetary economics provides insight into how to craft optimal monetary policy. However, the global financial crisis of 2007-2008 showed the lack of policy execution in many countries. The economists realize that the monetary policies are deficient in considering some financial variables and parameters.
On the other hand, Vietnam was also partially affected by the crisis because the government was unable to predict that sudden situation and passive in executing monetary policies. By applying tight monetary policies in the early stage, they created huge shocks and negative effects to the currency markets, as well as commercial banks. The inflation rate and non-performing loan rate of Vietnam increased very greatly. Many policies were enforced, such as buying potentially billions of dollars of bad loans from the banks with official overdue debts (from 3% to 6%) [1] . All of them are based on qualitative models that do not help policy makers understand deeply how each one affects the economy. Therefore, we need another optimal solution to stabilize the Vietnamese economy. Although there are many studies about monetary policy, they are still missing quantitative models to evaluate correctly 2 of 18 the effectiveness. In this paper, we investigate some macro-economic regulations and propose to use the Leaning Against The Wind (LATW) policy through the Dynamic Stochastic General Equilibrium (DSGE) model to find a suitable model for the Vietnamese economy. It was successfully applied in the European Central Bank. "Leaning against the wind" is defined as the Central Bank following a rule where the policy rate is adjusted not only in response to fluctuations of inflation and output, but also to the change of financial variables (asset prices, credit, etc.) (Leonardo and Federico, 2013) [2] .
Lars E. O. Svensson (2014) [3] showed that the LATW was ineffective for Sweden. According to his paper, Sweden applied the LATW since 2010, and Riskbanks (Sweden's central bank) realized that the inflation target was low and the unemployment was high. Similarly, Fabio Verona et al. (2014) [4] had evaluated the effective by using LATW policies for the U.S. market. These authors showed that both the credit-augmented Taylor rule and asset-price-augmented Taylor rule were effective with various shocks. Furthermore, some other studies regarding LATW, such as Lambertini et al. (2011) [5] and Christiano et al. (2010) [6] , did not have financial frictions in banking and also did not perform a full grid-search analysis. Thus, in this paper, we simulate various scenarios of the combined Vietnam data to validate the model.
We make the following contributions: (i) calibrating hyper-parameters for Vietnam's economy, where the data of the interest rate and GPD are collected from Quarters 1/1999-4/2014; (ii) inspired by the work of Gerali et al. (2010) [7] , we extend their model by combining multiple economic policies. The results show that interest rate modeling when combining asset price and credit with the standard Taylor rule is not suitable for the Vietnamese market economy. This is a useful tool to identify problems and simulate solutions in operating the Vietnamese economy for policy makers. Besides, to estimate optimal parameters, we simulate each policy in many scenarios. When a shock happens, depending on the objectives that the Vietnamese economy is approaching, this tool will propose a specific suitable interest rate quantitatively, instead of qualitatively.
The rest of paper is organized as follows. Section 2 reviews the related literature. Section 3 presents the Dynamic Stochastic General Equilibrium (DSGE) model. Section 4 describes the main financial channels. Section 5 proposes our simulation method. Section 6 presents how parameters are calibrated, and Section 7 is the empirical results. Section 8 is the conclusion.
Literature Overview
The theoretical basis of the model in this paper originated from the two papers of Bernanke, Gertler and Gilchrist (1999) [8] and Lacoviello (2005) [9] . In that literature, they assumed that banks did not have any important role in credit transactions. However, in the real world, banks play a vital role in modern financial systems. This drawback induced the inaccurate prediction of the global crisis 2007. In order to overcome this weakness, Gerali et al. (2010) [7] added a new agent into the model "banks".
Gerali stated that the banking sector in a Dynamic Stochastic General Equilibrium (DSGE) could clearly explain the role of banking inter-mediation in the transmission of monetary policy impulses and analyzed how shocks that originate in credit markets are transmitted to the real economy. On the other hand, compliance with the Basel Accords imposes capital requirements to exert banking activity. Gerali changed the standard model by adding credit frictions and borrowed constraints as in Iacoviello (2005) [9] and a set of real and nominal frictions as in Christiano et al. (2005) [10] and Smets and Wouters (2003) [11] with an imperfectly-competitive banking sector that collected deposits and then supplied loans to other agents subject to the requirement of using banking capital.
Based on main idea of Curdia and Woodford (2010) [12] combined with a simplified version of the above from Gerali et al. (2010) [7] , the model included two transmission channel are: the bank lending channel with the presence of a target level for the bank's leverage and the balance-sheet channel, which was referred from Lacoviello (2005) [9] and assumed that entrepreneurs' borrowing capacity was linked to the value of the assets that they could pledge as collateral.
With regard to frictions in financial intermediates, many recent papers studied this issue, such as Gertler (2000, 2001) [13, 14] , Gilchrist and Leahy (2002) [15] and Iacovielllo (2005) [9] . The main feature of those was only to consider financial frictions from the borrowers' side, but the credit-supply effects were still missing. Therefore, financial intermediates' behavior was not expressed clearly. That was a reason why the framework was enriched by adding the leverage constraint into the banking sector. This would prevent the implication effect when shocks happen.
Related to the central bank's policy interest rate, a paper from Curdia and Woodford (2009, 2010) [12, 16] had modified a standard Taylor rule for a central bank's policy interest rate to incorporate either an adjustment for changing interest rate spreads or a response to variations in the aggregate volume of credit. The results from that papers had shown that modified rules were better than the standard Taylor rule with different shocks. In our paper, besides the standard Taylor rule, there are two additional rules, the asset-price augmented rule and the credit augmented rule.
Moreover, Lambertini et al. (2011) [5] and Christiano et al. (2010) [6] did not have financial frictions in banking and did not perform a full grid-search analysis. Therefore, the paper's contribution to the existent literature was an additional friction in banking and simulation to find out the optimal parameters for a desirable policy.
DSGE Model
We use the model that is from the papers of Gerali et al. (2010) [7] and Leonardo Gambarcorta et al. (2013) [2] . It introduces an important new agent, bank, into the DSGE model along with financial frictions (Iacoviello, 2005) [9] . This model is populated by five agents: households, entrepreneurs, banks, capital-good producers and retailers. Figure 1 describes how the model works. The model starts with banks. They collect deposits from households and lend money to entrepreneurs. These loans depend on two financial frictions: one from the level of bank leverage and the other from the value of collateral. Then, entrepreneurs will make use of money to hire household labor and buy capital from capital-good producers. Finally, some retailers will buy the intermediate goods from entrepreneurs in a competitive market, brand them at no cost and sell them with a mark-up over the purchasing cost to households.
Households
Each household always maximizes its consumption and works less. Therefore, we assume the household utility function as below:
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where c P t (i) is consumption, l P t (i) is labor supply, d P t (i) is bank deposits, which are paid at a rate equal to the policy rate r ib t , w t is the real wage and J R t (i) are the retailer's profits. Based on the budget constraint, it is easy to see that the household inflow is the wage that is paid by entrepreneurs, the interest receive from banks and the profits from selling to the other households. Therefore, the outflow, which includes consumption and deposits, has to be less than or equal to the inflow.
By using Lagrange multipliers, the First Order Conditions (FOC) for households are:
Entrepreneurs
Entrepreneurs maximize their utility function by consumption:
subject to the budget constraint:
where
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where the variable λ 2,E t (i) is the second Lagrange multiplier on the borrowing constraint (and thus represented the marginal value of one unit of additional borrowing by the entrepreneurs), and 1 − ξ is the output elasticity of labor in the production function.
Capital Good Producers
Because capital-good producers only sell fixed-capital to entrepreneurs, they maximize their utility function by the level of the price:
subject to:
Perfectly-competitive firms buy last-period capital at price Q k t from entrepreneurs and I t units of final goods from retailers at price P t ; λ 1,E t is the entrepreneurs' marginal utility of consumption;
The FOC is:
Retailers
Similar to capital-good producers, retailers only sell final goods to households, and so, they maximize the price according to the utility function:
subject to the demand derived from consumer's maximization,
where β P λ 1,P t+s λ 1,P t is the households' stochastic discount factor, λ 1,P t is the households' marginal utility of consumption at time t, c P t is the current consumption, P W t is the wholesale price and P t (i) is the retail price; mk
Banks
Each bank j is composed of two units: a wholesale branch and a retail branch.
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The wholesale branch: maximizes the following utility function subject to a balance-sheet constraint:
In this Equation (18), we can see that the wholesale unit loans b t (j) with the wholesale loan rate R b t (j) by collecting deposits d t (j) from households, which are paying the interest rate set by the central bank r ib t . Besides, the banks have their own funds K b t (j), which are accumulated from reinvested profits. Moreover, ν is considered as the target leverage ratio and banks have to pay a certain cost for deviating from that target. In fact, the target leverage ratio is one of the tools of macro-prudential policy, which is applied to this paper. Whenever the bank deviates from that ratio, this leads to the losing of bank profits. Therefore, this will limit the ability of lending while the shocks are happening.
Using Lagrange multipliers for Equations (18) and (19), the FOC is:
(20)
The retail branch: We assume that the retail banks operate in terms of monopolistic competition. Moreover, they buy wholesale loans, differentiate at no cost and resell to final borrowers. The utility function will be:
where r b t is the retail loan rate and the mark-up µ b is constant.
The Transmission Channels
This section will introduce two transmission channels: (i) a collateral channel; and (ii) a credit-supply channel.
The model includes two financial frictions: (i) entrepreneurs' value of assets that affects their borrowing ability; and (ii) banks set up a target level and pay a cost if they deviate from it. Based on these financial frictions, we will present them as two additional transmission channels: (i) a collateral channel, which is linked to the borrowing constraint; and (ii) a credit supply channel, which is linked to the presence of a positively-sloped loan-supply, which shifts with changes in the policy rate and bank capital.
The collateral channel: The collateral channel operates based on the fluctuations of asset prices on the debtor's balance-sheet condition, which influences the borrowing constraint. In this channel, the model assumed that β E < β P , and this lead to the households being net lenders and the entrepreneurs net borrowers, as shown in Iacoviello (2005) [9] . Moreover, the paper of Andres et al. (2010) [17] showed that: (i) the entrepreneurs always consume a fraction 1 − β E of their net worth; (ii) the entrepreneurs' capital is also a linear function of net wealth; the coefficient is time varying and depends on asset prices, the LTV ratio and the loan interest rate. The equations are:
where NW E t and χ t are the entrepreneurs' net worth and the entrepreneurs' leverage, respectively (B t = χ t K t ). These two variables are defined as: 
From the above equations, we can draw a few main ideas about this model as follows:
(i) Equation (25) shows that the leverage ratio depends positively on the parameter m E and future asset prices q k t+1 and negatively on the loan interest rate. (ii) The asset prices and the lending rates from (25) have a crucial impact on the entrepreneurs' net worth, which influences simultaneously both consumption and investment decisions described through Equations (22) and (23). (iii) Equations (23)-(25) can be interpreted as using past net worth, which is the basis to borrow money from intermediates with a given fraction in order to buy future capital. (iv) In detail, from Equations (22) and (24), we see that the current level of asset prices (q k t ) has a positive relation with net worth; it has a positive impact on consumption, as well. Hence, the increase of the current level of asset prices will induce the increase of consumption. Conversely, the impact of the current level of asset prices on investment (Equations (23)-(25)) is ambiguous, because the positive effect of the current level of asset prices will be counteracted by the negative effect of leverage, which is considered as the cost of purchasing new capital. Expectations on future asset prices (q k t+1 ) positively impact investment (easy to see from Equations (23) and (25)), whereas the loan interest rate (r b t ) negatively impacts both consumption and investment. Therefore, the increase of the loan rate will decrease net worth due to the increase of interest payments and the decrease of capital accumulation.
The credit-supply channel: Nowadays, in most countries, including Vietnam, banks have been implementing risk management following the rules of Basel II. Hence, this model assumed that credit intermediates manage supply conditions to the target capital to asset ratio 1 . Whenever this ratio deviates, banks will tighten lending standards in order to limit lending amounts and bring this ratio back to the desired level. Equation (21) can be written in linear form as follows:
Many of the main ideas we can draw are as follows:
(i) The loan supply schedule B t has a positive effect on the loan rate. The implication is that the increase of the lending amount will lead to a higher loan rate due to higher default risk. (ii) The multiplier of loan supply has a positive correlation for both the level of the bank's target capital-to-asset ration (ν) and the cost for deviating from that target θ. (iii) From Equation (19), the level of bank capital has a positive effect on the loan supply, which depends positively on the bank's profits. The capital will be accumulated through an increase in the bank's profit; banks have numerous capital to lend, and this leads to the shift in the loan supply in the subsequent period. Moreover, the increase of bank profits will reduce the loan rate (in the subsequent period) for any given level of loans to the economy. (iv) In particular, the loan supply is inversely proportional to the level of the policy rate. Hence, whenever the central bank implements an easy policy, this will lead to the increase of loan supply. This feature is consistent with the existence of a bank-lending channel in the model.
In fact, the interaction between the credit-supply channel and the collateral channel will determine the equilibrium level of the interest rate. In detail, the changes in credit supply will impact the 1 According to Basel 2regulations, referred to as the Capital Adequacy Ratio (CAR).
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Simulations

Monetary Policies
In this section, we will test the efficiency of an LATW by empirical research with real data collected from the Vietnamese economy through the Dynare package. This answers the key question "Could LATW policies apply for Vietnam?". Hence, first of all, we will introduce policies used to stabilize the economy. We assume that the central bank follows a general-form Taylor rule as follows:
We take into account policies one-by-one; specifically, the three policies will be:
(i) The standard Taylor rule:
(ii) The Taylor rule augmented with asset prices:
(iii) The Taylor rule augmented with credit:
Shocks
To determine the policies that are desirable, we propose two shocks in the DSGE model: (i) the technology shock; and (ii) the cost-push shock.
Technology Shock
The technology shock is a shock to total factor productivity, i.e., to the variable (A E t ) in the production function:
We assume that A E t follows an AR(1) process:
We set ρ A = 0.95, and the variance of A E t equals one percent, which are taken from Gerali et al. (2010) [7] . Technology shocks are events in a macroeconomic model that change the production function. The term shock is defined as a sudden change in the economy. A technology shock is when there is a sudden change in technology to either benefit or worsen economic activity. This type of shock has big effects on companies that are solely dependent on technology as their main source of labor or production, such as manufacturing plants or oil/energy extraction.
Cost-Push Shock
The second shock considered in this model is the cost-push shock (the so-called cost-push inflation), defined as a shock to the elasticity of substitution between varieties in the goods market. A situation that has been often cited of this was the oil crisis of the 1970s. Petroleum is so important to Economies 2017, 5, 3 9 of 18 industrialized economies with no suitable alternative available, so a large increase in its price can lead to the increase in the price of most products, raising the inflation rate.
In this model, the cost-push shock is modeled through the firms' mark-up mk y t as follows:
We set ρ y = 0.50, and the variance of ξ t is calibrated, so that the variance of mk y t equals one percent, which are taken from Gerali et al. (2010) [7] .
Loss Function
In order to identify the desirable LATW policies in terms of macroeconomic stabilization, we consider assumptions about the central bank's preferences. In particular, we assume that the central bank's objective is the minimization of the weighted sum of the variance of inflation and output:
We set the weighting parameter α to vary within the range [0,2], i.e., we allow for a broad range of values for the relative weight of inflation versus output stabilization. The increase of value α shows that the central bank focuses on stabilizing output Y. For each value of α, we calculate the value of the loss function for each rule and then pick the minimum value as the best policy outcome attainable under that rule.
Calibration
In this section, we will introduce the specific parameters that are used for the simulation. A few of them are calibrated by the Vietnamese data. Due to the limit of the ability of the computer, we only simulate some scenarios to obtain a general view of the application of LATW policies in Vietnam. In particular, parameters φ y , φ B and φ q are changed from zero to two with a step size of one; parameter φ π is changed with the values being: 0.5, 1.5, 3 and 4.5. The value of the households' discount factor β P is 0.996, which implies a steady-state policy rate of roughly 2% (annualized). The entrepreneurs' discount factor β E is set at 0.975, which is from Iacoviello (2005) [9] . The inverse of the Frisch elasticity φ is set at one (Gali, 2008) [18] . The share of capital in the production function (α) and the depreciation rate of physical capital (δ k ) are set at 0.20 and 0.05, respectively, in order to match the investment-to-GDP ratio and the entrepreneurs' share in consumption in Gerali et al. (2010) [7] ; which equal 0.11 and 0.09, respectively. The elasticity of substitution across goods ε y is set at six, implying that the mark-up in the goods market ε y ε y − 1 is 1.20. The degree of price stickiness κ p is set at 28.65, the value estimated by 
Empirical Results
In this section, we discuss some results obtained by simulating in different scenarios, including technology shock and cost-push shock. For each scenario, we try four groups of policies. The first one is the Taylor rule, which only takes into account the interest rate and inflation rate parameters. This is the baseline or standard rule of our model. We further augment the standard rule with the following extra parameters: asset price, credit and both of them. The simulation results will be shown in the next sections. Figure 2 shows that, after the technology shock, the increase in asset prices has led to the relaxation in the borrowing constraint of the entrepreneurs. Furthermore, under the standard rule, both the policy and the loan rate decrease. The decrease of the loan rate increases entrepreneurs' lending demand, which increases banks' balance-sheet and leverage (the increase in leverage has activated the credit-supply channel), which also induces the strong increase of the investment and consumption of entrepreneurs and households (due to higher wages). Under the credit-augmented Taylor rule, on the contrary, both the policy rate and loan rate increase when the shock hits the economy. This shows the counteracting effect of leaning against the wind, whereby the central bank could prevent the over-extension of banks, as well as the amplification of asset values. In addition, the tightening of monetary policy has affected the increase of bank lending rates, which induces a smaller expansion of bank leverage. In turn, in this case, borrowers' financing conditions improve significantly less (because the increase of the loan rate has decreased the entrepreneurs' net worth), so that the increase in investment, consumption and output is lower. Thus, the reduction of output volatility under leaning against the wind has lost both the amplification effect of the traditional collateral channel and the credit supply channel.
Scenario 1: Technology Shock
Meanwhile, under the asset-price-augmented rule, both the policy rate and loan rate significantly decrease; this has led to the strong increase of output, which the implication effect did not dampen. Thus, the asset-price Taylor rule proved virtually ineffective. Looking at Table 1 , the asset-price-augmented rule is ineffective; the optimal parameter of φ q is zero. On the contrary, the credit-augmented rule is a desirable policy after technology shock; we can see this clearly through Figure 3 . From Figure 3 , we can see that the gains 2 under the standard Taylor rule and the credit-augmented rule are positive numbers; this shows that the credit-augmented rule is better than the standard Taylor rule. Moreover, we can see from this figure that the gains increase as α increases. To explain this, in this model, the increase in output (due to the positive shock) has increased the entrepreneurs' net worth (Equation (24) ). The borrowing conditions is loosened, and entrepreneurs will borrow more money, which leads to the rapid expansion of credit. Hence, the credit-augmented rule is effective in this case. 
Scenario 2: Cost-Push Shock
From Figure 4 , after an adverse inflation shock, the output significantly decreases under the standard rule compared to under the asset price-augmented rule. We see that the different rules have led to the difference in output volatility. Under the standard rule, both the policy and the lending rates rise over time; the banks' balance sheets (leverage) will be reduced; leading to a sharp deterioration of entrepreneurs' financing conditions and, hence, the fall in investment. Under the rule including asset prices, instead, both the loan rate and policy rate are larger at first, but decrease later; the monetary policy is eased on impact; this has contributed to limiting the deterioration of the entrepreneurs' financing conditions by sustaining banks' balance sheets and avoiding a major disruption of credit supply. The output and investment increase, as well. We confirm that through Figures 5 and 6 , the loss function value is smaller, and the gain is larger under the asset price-augmented rule than others. The value of α is larger, and the gain and the loss under the asset-price-augmented rule is better (more detail in Tables 1 and 2 ). This shows that the LATW policies are effective at stabilizing the economy for various shocks. According to the report of the General Statistics Office of Vietnam, the increase of oil price from 17% up to 24% and electricity prices up to 15.2% in March 2011 led to the inflation increases from 12.8% in the first quarter of 2011 (up 60% compared with the prior year) up to 19.83% in the fourth quarter of 2011 (up 38.35% compared with the prior year) as described in Figure 7 , also the policy rate increases from 12% in the first quarter of 2011 (up 59.97% compared with the prior year) to 15% in the fourth quarter of 2011 (up 120.28% compared with the prior year), as described in Figure 8 . However, the goal of the Vietnamese monetary policy is to curb inflation through controlling the interest rate. Thus, GDP slowly grew from the first quarter of 2011 to the first quarter of 2012, as in Figure 9 . The results realistically explained the responses described in Figure 4 . 
Combining Asset Price and Credit
From the previous results, a question we investigated in this paper is: can combining both asset price and credit improve the model in both scenarios of technology shock and cost-push shock? In the scenario of technology shock, even combined with the two new policies, the Taylor rule still has the best result with the lowest loss. Note that, in Figure 10 , the loss functions of the credit-augmented rule and standard rule are identical. The loss function of the asset price and credit rule is drawn in the secondary axis of the figure. In order to compare with the standard Taylor rule, we compute the percentage of gain after the technology shock, as shown in Figure 11 . In the scenario of cost-push shock, the asset price-augmented rule is still the best rule with the lowest loss. Figure 12 shows the loss functions of the four methods. Similar to Figure 10 , the loss function of the asset price and credit rule is drawn in the secondary axis.
The standard Taylor rule has been used for a long time in stabilizing the economy. For example, in the context of a positive shock, it has proven effective for the economy of Vietnam. When a negative shock occurs, the asset-price-augmented rule proved to be more effective. However, the combination of the asset-price and credit rule on the model is shown not to be useful for Vietnam's economy in both types of shock. This can be seen in Figure 13 . 
Conclusions
This paper showed the effectiveness of LATW policies for application to Vietnam. The Vietnamese monetary policy for stabilizing the economy through controlling the interest rate based on output and inflation is not enough. To improve significantly the performance of the economy, the Vietnam Central Bank needs to consider adding to the factor the amount of the loan for the technology shock (or the positive shock) or the factor of the entrepreneurs' asset price for the cost-push shock (or negative shock).
Interestingly, the results of the model applied on the Vietnamese economy are similar to the results of the model by Gerali et al. (2010) ([7] ) applied to the European economy. The results showed that output grew very slowly after the cost-push shock (the increase of oil and electricity prices) in the year 2011; this happens to coincide with the considered model. Thus, the LATW policy could be a desirable policy to apply in the future to stabilize and improve Vietnamese economy performance.
